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(54) SUPERCONDUCTING WIRE HAVING HIGH CRITICAL CURRENT DENSITY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve critical current 
density in a magnetic field by the introduction of low 
inclination grain boundaries into a superconducting oxide 
film by forming a biaxially oriented superconducting oxide 
film on a metallic silver substrate having a {100} <001> 
texture. 

SOLUTION: An oxide intermediate layer biaxially 
oriented in a substrate plane, a parallel plane of a 
substrate is proper in {100}, and magnesium oxide MgO is 
used as a material. When a lattice miss fit of oxide and 
superconducting oxide of this intermediate layer is high 
like 6 to 11%. The superconducting oxide growing on the 
oxide of the intermediate layer performs pseudo epitaxial 
growth having fluctuation in in-plane orientation. Due to 
this fluctuation, low inclination grain boundaries less than 
one degree of an inclination of a degree of not 
interrupting a path of a superconducting current, are 
generated in large numbers in a C axis oriented 
superconducting oxide film manufactured on the oxide of 
the intermediate layer. Since these low inclination grain boundaries operate as pin fastening 
points to trap a magnetic field, high critical current density in the magnetic field can be realized. 
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1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A superconduction wire rod with the superconduction oxide film formed on the metal 
silver substrate with the {100 <001>} texture in which the oxide interlayer who did biaxial 
orientation in the substrate side was formed. 

[Claim 2] Said superconduction oxide film is a superconduction wire rod according to claim 1 
characterized by having Y1 23 mold crystal structure. 

[Claim 3] The presentation of said oxide film () [ RE1aRE2b] REnlBa2Cu306+d, RE1!=RE2! 

= !=REn (RE1, RE2, and .... REn =Y. and La, Pr, Nd, Sm, Eu, Gd, Dy, Ho, Er, Tm and Yb) (), 

[ a+b+] +1=1 and 0 <= — a, b, and ..... the superconduction wire rod according to claim 1 or 2 

characterized by being l<=1. 

[Claim 4] The superconduction wire rod according to claim 1 or 2 with which the presentation of 
said oxide film is characterized by being RE1+xBa2-xCu306+d (RE = La, Pr, Nd, Sm, Eu, Gd) (- 
0.05<=x<=0.2). 

[Claim 5] The superconduction wire rod according to claim 1 characterized by the grid misfit of 
said oxide interlayer and said superconduction oxide being 6 - 11%. 

[Claim 6] Said oxide interlayer is a superconduction wire rod according to claim 1 characterized 
by a field parallel to a substrate being (100). 

[Claim 7] Said oxide interlayer is a superconduction wire rod according to claim 1 characterized 
by being a magnesium oxide. 

[Claim 8] Said oxide interlayer is a superconduction wire rod according to claim 1 characterized 
by being the magnesium oxide whose field parallel to a substrate is {100}. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the superconduction wire rod which has high 

critical current density. 

[0002] 

[Description of the Prior Art] the former — oxide superconductivity — about the conductor, in 
order to raise a superconduction property, especially the critical-current-density Jc property in 
the inside of a magnetic field, various examination is made, and the various manufacture 
approaches are proposed until now. 

[0003] In order to obtain high critical current density with a superconduction wire rod, it is 
necessary to carry out biaxial orientation of the superconduction oxide film. Therefore, a solid 
phase technique, a gaseous-phase method, and the approach of carrying out epitaxial growth of 
the superconduction oxide film according to various processes of a liquid phase process are 
common on a single crystal, the oxide substrate which carried out orientation within a field, and a 
metal substrate. 
[0004] 

[Problem(s) to be Solved by the Invention] Although the formation of a long wire rod is possible 
for the metal silver which has the {100 <001>} texture produced by the rolling-out method in 
manufacture of a superconduction wire rod If epitaxial growth of the superconduction oxide film 
is besides carried out directly, J.D.Budai and others As Appl.Phys.Lett.57 1836 (1993) have 
reported, orientation within a field is not carried out. Since a high inclination grain boundary was 
formed, it was difficult to obtain high critical current density all over a magnetic field. 
[0005] The technical problem which this invention tends to solve is making it possible to obtain 
the superconduction oxide film which has high critical current density on the metal silver 
substrate in which high critical-current-density-ization has the difficult {100 <001>} texture all 
over a magnetic field with the conventional technique. 
[0006] 

[Means for Solving the Problem] In order that this invention may solve the above-mentioned 
technical problem, it forms the interlayer of the oxide which carried out orientation within a field 
between the superconduction oxide film and a substrate, and grows up the superconduction 
oxide film on it. Consequently, the superconduction wire rod which has the superconduction 
oxide film on a metal silver substrate with the [100 <001>} texture in which the oxide interlayer 
who did biaxial orientation in the substrate side was formed is obtained. 
[0007] Since biaxial orientation of the superconduction oxide film produced on the oxide 
interlayer who made it grow up so that a field parallel to a substrate on metal silver with {100 
<001>} texture may become {100} bearings is carried out, it becomes producible [ the 
superconduction wire rod which has the superconduction oxide film of the long picture which has 
high critical current density ]. Especially the formation approach of the oxide film which carried 
out orientation within a field, and the superconduction oxide film is not limited. 
[0008] As superconduction oxide film, there is oxide film which has Y123 mold crystal structure, 
and this oxide film — a presentation — Ba(RE1aRE2b REnl) 2Cu306+d and RE1!=RE2!= ! 
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=REn (RE1, RE2, and .... REn = Y, and La, Pr, Nd, Sm, Eu, Gd, Dy, Ho, Er, Tm and Yb) — (— 
a+b+ +1=1 and 0 <= — a, b, and it is I <=1). 

[0009] Moreover, RE1+xBa2-xCu306+d (RE = La, Pr, Nd, Sm, Eu, Gd) and the thing of (- 
0.05<=x<=0.2) are also used for a presentation as other superconduction oxide film. 
[0010] A field parallel to a substrate is suitable for {100}, and a magnesium oxide is suitable for 
the oxide interlayer who did biaxial orientation in the substrate side as an ingredient. The 
magnesium oxide whose field parallel to a substrate is {100} does better effectiveness so. 
[0011] The oxide interlayer who did biaxial orientation in the substrate side does so 
effectiveness with the sufficient time of grid misfit with a superconduction oxide being 6-11%. 
When the grid misfit of an interlayer's oxide and a superconduction oxide is as high as 6 - 1 1%, 
the superconduction oxide film which grows on an interlayer's oxide carries out pseudo-epitaxial 
growth which has fluctuation in the orientation within a field. 

[0012] The inclination of extent which does not interrupt the pass of supercurrent as shown in 
the superconduction oxide film which is produced on an interlayer's oxide for this fluctuation, and 
which carried out c axis orientation at drawing 1 arises [ many less than 1 -degree low inclination 
grain boundaries ]. Since it worked as a pinning point that this low inclination grain boundary 
carries out the trap of the magnetic field, high critical-current-density-ization all over a 
magnetic field was attained. 

[0013] It is important for a metal silver substrate here to have {100 <001>} texture. Construction 
material does not necessarily need to be a pure metal and the metal complex which carried out 
detailed distribution of an alloy or the ceramics is contained. 
[0014] 

[Embodiment of the Invention] 

Example 1 substrate prepared the metal silver tape with {100 <001>} texture, and the MgO 
interlayer formed by RF spatter. The grid misfit between Ag (100) and MgO (100) is about 3%. 
Substrate temperature set 700 degrees C, the pressure of 1 .6Pa, and the output to 200W. A 
MgO interlayer's thickness was set to 3000. Having carried out orientation within a field of the 
MgO was checked. PLD which besides used Y123 target — 1 micrometer was formed for Y123 
film by law. moreover — without it forms a MgO interlayer for a comparison — a metal silver 
tape top — direct Y123 — PLD — the sample which formed membranes by law was also 
prepared. It was not concerned with a MgO interlayer's existence, but what carried out c axis 
orientation of Y123 was obtained. 

[0015] The pole figure of the field (103) of Y123 film is shown in drawing 2. Although what formed 
Y123 directly on the metal silver tape showed the symmetry 8 times, what formed membranes on 
the MgO interlayer showed the symmetry 4 times, and it was checked that the orientation within 
a field had been taken. The result of having measured the critical current density in the inside of 
a magnetic field after oxygen annealing to drawing 3 is shown. Critical current density of the 
sample [ in which the MgO interlayer was formed ] improved substantially. 
[0016] 

[Effect of the Invention] Growth of the superconduction oxide film which carried out biaxial 
orientation on metal silver with {100 <001>} texture by the process of the superconduction wire 
rod of this invention was able to be enabled, and the critical current density of the 
superconduction oxide film in the inside of the magnetic field by the low inclination grain 
boundary installation to the superconduction oxide film was able to be raised further. 



[Translation done.] 
* NOTICES * 

JP0 and MCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 



file://C:¥Documents and Settings¥MORIYA¥My Documents¥JPOEn¥JP-A-H1 1-1 ... 2006/1 2/1 5 



JP,1 1-1 1 1080,A [TECHNICAL FIELD] 



Page 1 of 1 



* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL FIELD 



[Field of the Invention] This invention relates to the superconduction wire rod which has high critical 
current density. 
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PRIOR ART 



[Description of the Prior Art] the former — oxide superconductivity — about the conductor, in order to 
raise a superconduction property, especially the critical-current-density Jc property in the inside of a 
magnetic field, various examination is made, and the various manufacture approaches are proposed until 
now. 

[0003] In order to obtain high critical current density with a superconduction wire rod, it is necessary to 
carry out biaxial orientation of the superconduction oxide film. Therefore, a solid phase technique, a 
gaseous-phase method, and the approach of carrying out epitaxial growth of the superconduction oxide 
film according to various processes of a liquid phase process are common on a single crystal, the oxide 
substrate which carried out orientation within a field, and a metal substrate. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] Growth of the superconduction oxide film which carried out biaxial orientation 
on metal silver with {100 <001>} texture by the process of the superconduction wire rod of this 
invention was able to be enabled, and the critical current density of the superconduction oxide film in 
the inside of the magnetic field by the low inclination grain boundary installation to the superconduction 
oxide film was able to be raised further. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] Although the formation of a long wire rod is possible for the 
metal silver which has the {100 <001>} texture produced by the rolling-out method in manufacture of a" 
superconduction wire rod If epitaxial growth of the superconduction oxide film is besides carried out 
directly, J.D.Budai and others As Appl.Phys.Lett.57 1836 (1993) have reported, orientation within a 
field is not carried out. Since a high inclination grain boundary was formed, it was difficult to obtain 
high critical current density all over a magnetic field. 

[0005] The technical problem which this invention tends to solve is making it possible to obtain the 
superconduction oxide film which has high critical current density on the metal silver substrate in which 
high critical-current-density-ization has the difficult {100 <001>} texture all over a magnetic field with 
the conventional technique. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] Although the formation of a long wire rod is possible for the 
metal silver which has the {100 <001>} texture produced by the rolling-out method in manufacture of a 
superconduction wire rod If epitaxial growth of the superconduction oxide film is besides carried out 
directly, J.D.Budai and others As Appl.Phys.Lett.57 1836 (1993) have reported, orientation within a 
field is not carried out. Since a high inclination grain boundary was formed, it was difficult to obtain 
high critical current density all over a magnetic field. 

[0005] The technical problem which this invention tends to solve is making it possible to obtain the 
superconduction oxide film which has high critical current density on the metal silver substrate in which 
high critical-current-density-ization has the difficult {100 <001>} texture all over a magnetic field with 
the conventional technique. 
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MEANS 



[Means for Solving the Problem] In order that this invention may solve the above-mentioned technical 
problem, it forms the interlay er of the oxide which carried out orientation within a field between the 
superconduction oxide film and a substrate, and grows up the superconduction oxide film on it. 
Consequently, the superconduction wire rod which has the superconduction oxide film on a metal silver 
substrate with the { 100 <001>} texture in which the oxide interlay er who did biaxial orientation in the 
substrate side was formed is obtained. 

[0007] Since biaxial orientation of the superconduction oxide film produced on the oxide interlayer who 
made it grow up so that a field parallel to a substrate on metal silver with {100 <001>} texture may 
become {100} bearings is carried out, it becomes producible [ the superconduction wire rod which has 
the superconduction oxide film of the long picture which has high critical current density ]. Especially 
the formation approach of the oxide film which carried out orientation within a field, and the 
superconduction oxide film is not limited. 

[0008] As superconduction oxide film, there is oxide film which has Y123 mold crystal structure, and 

this oxide film - a presentation - Ba(RElaRE2b REnl) 2Cu306+d and RE1 !=RE2!= !=REn 

(RE1, RE2, and .... REn = Y, and La, Pr, Nd, Sm, Eu, Gd, Dy, Ho, Er, Tm and Yb) - (-- a+b+ +1-1 

and 0 <= — a, b, and it is 1 <=1). 

[0009] Moreover, REl+xBa2-xCu306+d (RE = La, Pr, Nd, Sm, Eu, Gd) and the thing of (- 
0.05<=x<=0.2) are also used for a presentation as other superconduction oxide film. 
[0010] A field parallel to a substrate is suitable for {100}, and a magnesium oxide is suitable for the 
oxide interlayer who did biaxial orientation in the substrate side as an ingredient. The magnesium oxide 
whose field parallel to a substrate is {100} does better effectiveness so. 

[001 1] The oxide interlayer who did biaxial orientation in the substrate side does so effectiveness with 
the sufficient time of grid misfit with a superconduction oxide being 6-11%. When the grid misfit of an 
interlayer f s oxide and a superconduction oxide is as high as 6 - 1 1%, the superconduction oxide film 
which grows on an interlayer's oxide carries out pseudo-epitaxial growth which has fluctuation in the 
orientation within a field. 

[0012] The inclination of extent which does not interrupt the pass of supercurrent as shown in the 
superconduction oxide film which is produced on an interlayer's oxide for this fluctuation, and which 
carried out c-axis orientation at drawing 1 arises [ many less than 1 -degree low inclination grain 
boundaries ]. Since it worked as a pinning point that this low inclination grain boundary carries out the 
trap of the magnetic field, high critical-current-density-ization all over a magnetic field was attained. 
[0013] It is important for a metal silver substrate here to have {100 <001>} texture. The quality of the 
material does not necessarily need to be a pure metal, and the metal complex which carried out detailed 
distribution of an alloy or the ceramics is contained. 
[0014] 

[Embodiment of the Invention] 

Example 1 substrate prepared the metal silver tape with {100 <001>} texture, and the MgO interlayer 
formed by RF spatter. The grid misfit between Ag (100) and MgO (100) is about 3%. Substrate 
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temperature set 700 degrees C, the pressure of 1.6Pa, and the output to 200W. A MgO interlayer's 
thickness was set to 3000. Having carried out orientation within a field of the MgO was checked. PLD 
which besides used Y123 target — 1 micrometer was formed for Y123 film by law. moreover - without 
it forms a MgO interlay er for a comparison - a metal silver tape top -- direct Y123 ~ PLD - the sample 
which formed membranes by law was also prepared. It was not concerned with a MgO interlayer's 
existence, but what carried out c-axis orientation of Y 123 was obtained. 

[0015] The pole figure of the field (103) of Y123 film is shown in drawing 2. Although what formed 
Y123 directly on the metal silver tape showed the symmetry 8 times, what formed membranes on the 
MgO interlayer showed the symmetry 4 times, and it was checked that the orientation within a field had 
been taken. The result of having measured the critical current density in the inside of a magnetic field 
after oxygen annealing to drawing 3 is shown. Critical current density of the sample [ in which the MgO 
interlayer was formed ] improved sharply. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[ Drawin g 1] It is drawing showing the cross-section structure of the superconduction wire rod of 
this invention. 

[Drawing 2] It is the pole figure of the field (103) of Y123 film of the superconduction wire rod of 
this invention. 

[Drawing 3] It is the graph of the critical current density in the inside of the magnetic field of the 
superconduction wire rod after oxygen annealing. 
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DRAWINGS 



[Drawing 1] 

***** 
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<1> (100K001>EWtf/MgO/Y123 

[Drawing 2] 



file://C:¥Documents and Settings¥MORIYA¥My Documents¥JPOEn¥JP-A-H1 1-1 ... 2006/1 2/1 5 



JP-A-H1 1-1 11080 



6/6 ^— v 




[ Drawin g 3] 




«*B (T) 
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